Objective: To examine the associations of combined lifestyle factors and physical conditions with cerebrovascular diseases (CBVD) mortality, after accounting for competing risk events, including death from cardiovascular diseases, cancers and other diseases.
Introduction
The incidence of cerebrovascular diseases (CBVD) has increased by 100% in developing nations and it is the leading cause of sustained neurological disability in the world [1] . Furthermore, CBVD is the second leading cause of death in middle-income countries, accounting for 12.8% of all-cause mortality according to the World Health Organization (WHO) [2] . An epidemiological survey confirmed that the standardized death rate for CBVD has reached 120.1 per 100,000 in China [3] . With increasing age, the crude death rate of CBVD showed a fast growth [4] .
The high mortality and disability rates from CBVD not only affected the health and quality of life of the victims, but also caused heavy economic and mental burdens for families and the society [5] . Meanwhile, the burden of CBVD is likely to increase substantially in the future because of the aging population and changes in lifestyle.
However, studies on how lifestyle and/or other factors integrally function in the homes of the elderly are rare, especially in Asia. This study was to develop a comprehensive model for CBVD mortality incorporating the effects of lifestyle factors and physical conditions, among the population of an18-year cohort study conducted by BLSA. We aimed to incorporate the competing events of the alternate outcomes into a competing-risk analysis [6] [7] [8] [9] .
Materials and Methods

Ethical Approval
All participants were asked to sign an informed consent form and the ethics committee w of Xuanwu Hospital Capital Medical University approved the project. Written informed consents were obtained for every subject.
Study Population
The BLSA, a community-based cohort study begun in August 1992, is an on-going, prospective study in Beijing, China, hosted by Xuanwu Hospital. A three-stage stratification random clustering procedure was used to ensure the representativeness of Beijing elderly in general. The procedures for sampling and data collection were described in detail elsewhere [10] [11] . Firstly, Beijing consists of 18 administrative districts that were divided into three categories according to the degree of urbanization and economic status: main urban areas, suburbs and mountain areas. Three districts: Xuanwu (urban), Daxing (suburban) and Huairou (rural) were selected as representing the average age, education and economic level for the category. Secondly, specific neighborhoods (streets or villages) were randomly selected from these three districts. Thirdly, a predetermined number of subjects were selected from these neighborhood units and villages using a systematic sampling method. Finally, 3,257 subjects were selected. In this analysis 2,101 subjects whose serum biochemical indices were measured after informed consent were chosen. The enrolled and the omitted subjects were compared to assess enrolment bias, the differences in characteristics between these two groups were not statistically significant.
A follow-up questionnaire, including demographic characteristics, socio-economic status, and health related issues, was sent to participants every two or three years after enrollment. All participants were asked to sign an informed consent form and the ethics committee of Xuanwu Hospital Capital Medical University approved the project. Written informed consents were obtained for every subject. The questionnaires were completed in the respondents' homes by trained interviewers, usually nurses, doctors or senior medical students. They also completed the questionnaire on behalf of illiterate participants.
Assessment of Risk Factors
Besides the basic characteristics, life style and physical condition, some scales were also measured in more detail: activities of Daily Living (ADL) scale, Center for Epidemiological Studies Depression (CES-D) scale, and Mini-Mental State Examination scale (MMSE). Baseline values were used in this analysis to minimize the potential of clinical or subclinical diseases affecting the risk factor status.
Age was categorized in 10-year age categories from 55 through 75 years plus an age group containing persons older than 75. According to height, and weight, BMI (Body Mass Index) was computed and grouped into four categorized: thin, normal, overweight and obesity [12] . Blood samples were collected after an overnight fasting of at least 12 hours. Glucose, total cholesterol (TC), high density lipoprotein (HDL), low density lipoprotein (LDL), and triglycerides (TG) were subsequently measured. Subjects were divided into normal or abnormal groups according to the standard of diabetes mellitus [13] and dyslipidemia [14] . Blood pressure (BP) was measured on the right arm of subjects seated and at rest for at least 10 min by a trained nurse. BP was categorized into three groups: normal, critical and high blood pressure. The questionnaire also included the frequency of taking exercise: if the elderly exercised regularly (almost every day), then this was defined exercising frequently. The related activities included walking, Tai Chi, running/jogging, Qi Gong, dancing, etc.
Dietary habits included the categorization of the oil, the frequency and consumption of eggs, milk, fish, vegetables, coffee, tea, etc. Then the latent class model (LCA) was conducted and the best model was selected according to the value of Bayesian information criterion (BIC). Dietary habits were divided into three latent categories (groups). Based on a posterior probability (representing the frequency of food intake), the dietary structure was classified as: sufficient nutrients (Group 1), intermediate-type (Group 2) and meat-based diet (Group3). Generally, the intake of milk, fruits, bean products, and eggs were lower in Group 2 and 3. [15] .
Physical limitation was assessed using the 12 items in ADL, Instrumental Activities of Daily Living (IADL) and Basic Activities of Daily living (BADL) surveys [16] . The subjects were categorized into complete ability or disability based on these two scales, respectively. The CESD was used to assess depression. The total score was 60 and the standard cut-off value was 16 [17] . A higher score corresponded to a more severe condition. The MMSE was used for differentiating cognitive levels [18] : this is closely related to the level of education; people of low intelligence or poor education may score poorly on this examination in the absence of cognitive impairment, and well-educated people may score well despite having cognitive impairment. The critical threshold values are: illiterate.17, primary school education.20, secondary or higher education.24.
Outcome Assessment
The outcome was death from all causes, occurring after the return of the 1992 questionnaire but before 31 December 2009. Survival status was determined through interviews with surviving household members and with neighbors when surviving household members were unavailable. The information was verified by a subset of participants based on household registration records and their death records. CBVD mortality was defined as the primary cause of death as indicated by the International Classification of Disease (ICD), ninth revision ICD-9 or ICD-10. Death from cardiovascular diseases, cancers and other causes consisted of competing events.
Statistical Analysis
A few values from biochemical serums were missing, thus a multiple imputation (MI) was performed to impute the missing information. According to the data distribution, the Markov Chain Monte Carlo (MCMC) method was chosen to avoid the loss of generality. The MI procedure in the SAS software package (Version 9.2; SAS Institute, Chicago, IL, USA) was used [19] . Time of follow-up accrued from the return date of the 2009 questionnaire until either death, loss of follow up or the end of follow up (31 December, 2009), whichever came first. We fitted a competing risk model to compute hazard ratios (HR) and 95% confidence intervals (95% CI) for the associations between each risk factor and CBVD mortality. When the multivariate model was conducted, we tried to perform a univariate analysis (P value,0.3) as the criteria for inclusion of risk factors in the final multivariate model. The competing risk model was performed in R software.
Results
Among the 2,101 community dwellers aged 55 years or over in 1992, 91 subjects were excluded because of missing information regarding height, weight, some scales, etc. In the end, a total of 2,010 participants were included in the analysis. 374 subjects had missing data in some serum biochemical profiles and were made up by MCMC. By the end of the follow-up in 2009, there were 356 surviving subjects, 586 missing subjects, and 1068 deaths. Among the 1068 deaths, 273 were caused by cardiovascular diseases (25.5%), 246 by cerebrovascular diseases (23.0%), 140 by cancer (13.1%), and 409 were from other causes (38.4%) ( Table 1) . At the end of follow up, considering the competing risks, the CIF of CVD death was 0.19, for CBVD it was 0.17, and cancer was 0.10 ( Figure 1) . Table 2 showed the association of each variable with CBVD mortality. After considering competing risk events, gender, BADL, IADL, cognitive function assessed by MMSE, self-assessment of health, age group, BP, BMI, area of primary residence, and dietary habits were associated with CBVD mortality. It was found that female individuals were at a lower risk than male individuals (HR = 0.690, 95% CI = 0.537-0.888). Those with normal cognitive function were at a lower risk (HR = 0.741, 95% CI = 0.552-0.995) than those with diminished cognitive function. The mortality of the disabled, as assessed by BADL or IADL, and poor self-health assessment were respectively higher than the subjects in normal BADL group (HR = 1.870, 95% CI = 1.091-3.194), normal IADL group (HR = 1.670, 95% CI = 1.285-2.173), and normal self-health assessment (HR = 1.840, 95% CI = 1.413-2.432). For multiple categorical variables, the following were associated with a higher risk of CBVD mortality: those aged 66 to 75 (HR = 1.274, 95% CI = 1.103-1.476); hypertensive patients (HR = 2.113, 95% CI = 1.581-2.811); obesity assessed by BMI (HR = 1.432, 95% CI = 1.033-1.998); and meat-based diet (HR = 1.532, 95% CI = 1.131-2.072). The elderly with a balanced diet were at a lower risk of CBVD mortality than those with an intermediate-type diet (HR = 0.526, 95% CI = 0.389-0.711). Residents who lived in urban areas also had a reduced CBVD mortality rate than the residents who lived in rural (HR = 0.499, 95% CI = 0.388-0.643).
Results from Univariate Analysis of the Total Population
Results from Multivariate Analysis of the Total Population
In the final model, after all adjustments, the risk of CBVD mortality was associated with increasing age (66-75 age group: HR = 1.711, 95% CI = 1.244-2.352; $76 group: HR = 1.543, 95% CI = 1.013-2.349 ). A greater risk of CBVD mortality was due to hypertension (HR = 2.201, 95% CI = 1.524-3.178), being overweight (HR = 1.473, 95% CI = 1.013-2.142) and obesity (HR = 1.711, 95% CI = 1.175-2.490). Female individuals were at a lower risk (HR = 0.6639, 95% CI = 0.457-0.895). The elderly in the normal cognitive function group assessed by MMSE were at a lower risk (HR = 0.650, 95% CI = 0.434-0.973). The risk for urban residents was significantly lower than rural residents (HR = 0.456, 95% CI = 0.286-0.727). Additionally, no significant interactions were demonstrated.
Results from Multivariate Analysis for Males
In addition, the same analysis was subsequently repeated after further stratification according to gender. The univariate analysis for males showed that depression, disability assessed by IADL, an unhealthy self-assessment, increasing age, hypertension, illiteracy, township, rural residents, and frequent consumption of meat were associated with higher CBVDs mortality. The multivariate analysis showed that self-health assessment, increasing age, and those with hypertension were significantly associated with higher CBVD mortality and inhabitants living in urban areas had a lower risk of CBVD mortality (Table 3) .
Results from Multivariate Analysis for Females
The univariate analysis for females showed that disability assessed by BADL or IADL, without spouse, lower cognitive function, poor self-health assessment, hypertension, obesity, and township or rural living were significantly at a higher risk of CBVD mortality. The multivariate analysis showed that hypertension, a diminished cognition function, and those who had painful emotional and/or mental experiences were associated with increasing CBVD mortality. Living in urban areas was significantly associated with a decreased CBVD mortality (Table 4) .
Fine and Gray Test
Gray's test was used to compare the CIFs of age groups to determine the tendency (Figure 2 ). The CIF significantly increased with increasing age (P value = 0.001). Then Gray's test was used to analyze other covariates, including gender, marital status, selfassessed health status, disability, depression, cognitive function, etc. Age of death was the abscissa to adjust the effect of age distribution in different groups. Several results are shown in Figure 3 . As shown in Figure 3a , the CBVD mortality among different residential areas was statistically significant (P value,0.001), the elderly who lived in rural areas had the highest CBVD mortality, the CIF at age 85 among rural area arrived at 0.23, township living came second and urban residents were the lowest, less than 0.10. For BMI, obesity was the highest (P value = 0.007), and thin scored the lowest (Figure 3b ). Those subjects with hypertension or in critical values were at a higher risk of CBVD mortality than normal people (P value = 0.001) (Figure 3c ). For dietary intake, the mortalities of subjects with balanced diets were the lowest (P value,0.001) (Figure 3d) . Those with poor self-health assessment were significantly higher than those with healthy self-assessment (P value,0.001) (Figure 3e) . Individuals who had no spouse scored significantly higher than those who had a spouse (P value = 0.006) (Figure 3f ). The CIF of smokers was markedly higher than that of non-smokers (P value = 0.057) (not shown). Depression, as assessed by CESD, scored higher than the normal group (P value = 0.071) (not shown).
Discussion
After controlling for competing risks of death from cardiovascular disease, cancer and other causes, results from the present population-based BLSA study showed: gender, cognition function, self-assessment of health, age, blood pressure, BMI, and place of residence, were all found to be independent risk factors associated with CBVD mortality. Univariate analysis and Gray's test also showed that: diet, marital status, and disability assessed by BADL and IADL were the predictor factors predicting CBVD mortality.
The CBVD mortality was 310.5 per 1000,000 among men in China, larger than that among women (242.3 per 1000, 000). In our study, the risk of CBVD mortality among females was 0.735 times than that of males. Many epidemiological surveys on the relationship between obesity and CBVDs have shown that obesity, determined on the basis of height and weight by BMI, can become a risk factor when accompanied by hypertension, hyperlipidemia, etc., for CBVD [20, 21] . Studies among Chinese adults have also confirmed that elevated BMI increases the risk of both ischemic and hemorrhagic stroke incidence, and stroke mortality, which was similar to our findings [22] .
Consistent with previous studies [23] [24] [25] , we also found evidence that closer adherence to the traditional Mediterranean diet, largely based on the consumption of vegetables, fruit, legumes, and olive oil was associated with lower CBVDs incidence and mortality. In our study, those elderly subjects who frequently consumed meat had a significantly higher mortality than the participants consuming more soy-based foods, fruit, vegetables, and fish, as well as participants who more frequently consumed grains ($0.350 kg per person per day) and meat (more than twice a week).
Additionally, poorer self-rated physical and mental health status increases the risk of vascular events and mortality in a broad population of patients with symptomatic and asymptomatic atherosclerotic disease [26] , therefore indirectly increasing CBVD mortality.
Some studies showed there was no clear evidence that depression is a risk factor for CBVDs [27] . However, a large population-representative cohort confirmed that psychological distress was associated with increased risk of death due to CBVDs [28] . In this study, males who suffered from depression, as assessed by the CESD scale, were at a higher risk than those who did not.
Lots of CBVDs such as cerebral sub cortical small vessel disease, acute stroke, Alzheimer disease, etc., were related to cognition in elderly subjects [29] [30] [31] , therefore the lower the cognition according to MMSE, the higher the CBVD mortality. It was confirmed in this BLSA population, that the hazard ratio in the normal group was 0.624 times than the abnormal group assessed by MMSE.
The CIF of CBVD in the rural area was 12.49%, in the suburb it was 13.56%, which was about four to five times than in urban area (5.38%). It may be related with the health systems in urban areas are better equipped than those in the rural areas and townships. Medical resources are sparse in rural areas and the patients cannot get the best treatment: if the patients with a stroke cannot see a doctor in time, they would miss the best treatment opportunities. This is the key public health implication of this research, it suggested that the relevant level of government should rationalize the distribution of medical resources; greater efforts should be made to improve the services provided by communitybased medical and health care facilities.
The aging population is increasing worldwide, and CBVD has become the leading cause of death in the elderly. However, few epidemiological studies focused on the aging population. Our study suggested that a balanced diet, frequent exercise, blood pressure control, and a normal BMI, should be encouraged.
Competing risks regression model, which extends Cox's proportional hazards model to competing-risks data by considering the sub-distribution hazard [32] [33] [34] [35] [36] , does not censor but rather ''carries forward'' the competing event(s) in the risk set with appropriate weighting [37] [38] . This study likewise has several limitations. One caveat is that at the end of 2009, 586 subjects were missing, accounting for 29.15% of the population. As this may cause follow up bias. We have compared the differences in characteristics between the missing subjects and the exist subjects, there were no significant differences. Secondly, to avoid the possibility of any clinical or subclinical disease affecting the risk factor status, risk factors in the competing risk model were not updated year by year, only the baseline data were entered into the model.
Conclusion
This study showed that males were more at risk of having CBVD than females. In addition, increased age, high blood pressure, poor self-evaluated health status, lower cognitive functions, high BMI, a rural primary residence, depression, and more frequent meat intake were associated with higher CBVD mortality of the elderly in Beijing, China.
